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RIVECEDAIRCRAFTJOINTS
By MartinE.Ban&LayandGeorge
SUMMARY
F. Ho1-1-oway
Twenty-sevenstructuraljointspecimensof202~-T3”and2024-T4alu-
minumalloyconsistingofa T-stringerrivetedto a 10-by 10-inchskin
surfaceweretestedundersimulatedaerodynamicheatingwithno external
lodingapplied.Interfacethermalconductancewasdeterminedfromlocal
transient-tezqperaturerecords.
Rivetsizeandpitchwerefoundto influencetheconductancebut
therivetmaterialstestedhadno observableeffect.Itwasalsofound
.
thatthethicknessoftheskinhadan influenceonthevalueofthecon-
ductance.ThedimensionsoftheT-stringer(thichessandlengthof
s flangeandofweb)werefoundtohaveno consistentinfluence.During
transientheatinga randomtimevariationof conductancewasobservedin
anygivenspecimen.
A considerablescatterintnterface-conductancevaluespartly
obscuredthemaintrends.Suchscatteralsoexistedbetweencomparable
locationsonthesamespecimen.Thescatterwasfoundtobe thelargest
inthethin-sldnconfigurations.hterface-conductancevaluesranged
fromapproximately10Qto 3,500Btu/(sqfat) .
Theheatinputtothespecimenwasheldconstantduringanygiven
testsat valueswhichrangedfromapproximately10,000to 75,000
Btu/(sqft)(M). Thedurationofheating,determinedby a maximum
allowedtemperatureiseof450°F, wasf$om
INTRODUCTION
15 to ~ seconds.
Theexperiencegatheredinthecourseoftheworkofreferences1,2,
and3 demonstratedthatthevalueofthermalconductanceacrossjoint
. interfacesinvolvesmanyphysicalvariableswhichformcomplicatedand
usuallynonldnearelationships.Thus,realisticandpracticallyappli-
cableinterface-conductancevaluesmustbe foundfromexperimentswith
l actualjointsamples.
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Thenecessityofknowingtheinterface-conductancevalueforthe
determinationfthetemperature~d stressdistributionwasdiscussed
indetailinreference1;therefore,thepresentreportislimitedto
supplyingadditionalexperimentaldataandto assessingtheimportance
ofthevariablestudied.
Thetestspecimenswerefurnishedby NorthropAircraftjInc.,
R%rthorne,California.ThisinvestigationatSyracuseUniversitywas
sponsoredby andconductedwiththefinancialassistanceofthe
NationalAdvisoryCommitteeforAeronautics.Theauthorswishto thank
Mr.JohnW. SchaeferandMr.RobertC.Limburgfortheirassistancein
conductingthetestprogram.
A
c
d
h
2f
Zw
P
Q
~
s
T
m
tf
ts
h
SYMBOLS
cross-sectionalareaof stringer,sqin.
specificheatof jointmaterial,Btu/(lb)(%’)
rivetdiameter,in.
interface
lengthof
lengthof
thermalconductance,Btu/(sqf%)(hr)(%)
flangein crosssection,in.
webin crosssection,in.
rivetpitch,in.
heatflowintospecimen,Btu/(sqf%)(hr)
heatflowacrossinterface,Btu/(sqft)(hr)
distanceofrivetfromcenterlinein crosssection,in.
temperature,%?
temperaturedropacrossinterface,9?
thicknessofflange,in.
skinthickness,in.
thiclmessofweb,in.
..
.
l
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. w specificweightof jointmaterial,lb/cuft
X,y,z coordinateaxes(fig.2)
l
e time,sec
THEOREICLCALB SIS
Thermalconductanceoftheboundaryplanebetweentwoobjectsis
definedas thequsntityofheatflowingacrosstheinterface-perunit
timedividedby thetemperaturedifferenceexistingacrosstheinterface
whileheatisflowing.Interfaceconductanceacrossa jointismeasurable
indirectlyundertheseconditionsby measuringthequantityofheatflow
andthetemperaturedifferenceseparately.
Theaerodynamicheatingofan aircraftskincausesheatto flowinto
thecooleregionsofthestructure.h general,theheatflowisvari-
ablewithtimedependingontheboundaryconditions(adiabaticwalltem-
.
peratureandheat-transfercoefficient)associatedwitha high-speed
flightmission,andontheconfiguration,material,andinstantaneous
4 temperaturedistributionfthestructure.Forkhownboundarycondi-
tionsandcontinuousheatpaththetemperaturedistributioncanbe pre-
dietedfordesignrequirements.Whentheheatpathcontainsa contact
jointthethermalconductanceofthisjointalsoplaysan importantpa%
intheoveralltemperaturedistribution.Sinceinterfaceconductance
dependsona largenumberofmaterialsndmanufacturingvariables,its
valuecanbestbe determinedby testingsamplesof compositejointsunder
actualheat-flowconditions.
Aerodynamicheatingusuallyimposesa complextime-dependenttemper-
aturedistributionthestructure.To evaluateinterfaceconductance
experimentally,however,itisnotnecessaryto createallpossible
expectedtemperaturedistributionsbecauseitw be assumedthatthe
resultingstressdistributionhasa negligibleeffectontheinterface
conductance.Itisbelievedadmissibleto simulatetheaerodynamic
heatingoftheoutsideskinby ener~ sourcesuchasradiantheating.
k thepresenteststheboundaryconditionswerethesameas in
reference1 andarerepeatedhere:
(1)Thespecimenswereat a uniformroomtemperatureat thebeginning
ofeachtestandonlythetemperatureisewasrecorded.
(2)Heatinputwasapproximatelyconstantwithtime.
l
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(3) Facesofthestructurenotsubjected.toheatingwereregarded
as insulatedanddidnotloseheatby convectionorradiation. *
(4)Therewastwo-dimensionalheatflow,thatis,no
thestringer.
Theexperimental’techniqueasdescribedinref~ence
a reasonableadherenceto theaboveboundaryconditions.
heatflowalong
l
1 permitted
Fromtheavailabletemperature-timerecordofeachheatingtestthe
heatpassingthrougha unitareaoftheinterfaceperunittime q was
firstdeterminedat severaltimeintervalsby readingthe &F~O values.
Likewise,anaverageinterfacetemperaturedrop dl wascomputedfrom
therecordatthesameintervals.Consequently,thecontinuousrecord
permitte~anarbitrarilyargenumberofvaluestobe determinedduring
anyheatingcycle.Duetotimelimitations,however,onlythreeorfour
valuesfromeachtransienttestwerecomputed.
DEWIKD?TIONF SPECIMENSANDTESTAPPARATUS
.
Thespecimens,consistingofaluminum-alloyskin-stringerco@ina-
ti.onsrivetedaccordingto aircraftpractice, aredescribedin figure1 &
andtable1. The
flangeandwebof
to 1/4inch.The
all.specimens.
Thetworows
skinthicknessvariedfrOm-1/16to 1/2inch,whilethe
theexMudedT-sectionhada thicknessrangeof1/I.6
1 inchesforwidthoftheflangefacingtheskinwas1
of standardcountersunkrivetsattachingtheT-section
totheskinwereoftheAD-3,AD-~,andDD-6type.Therivetpitch
1 inches,butinmostofthespecimensitwasvariedfrom3/4inchto 12
1 inch.Thematerialoftheextrusionsandplateswas2024-T3or2024-T4
aluminumalloy,andsmnehadcladding.
Thethermocouplet chniquewasthesameasthatdescribedin
reference1. .
i%general,fourcrosssectionsineachspecimenwereinvestigated
at twolocationscloseto therivets(BandD) andtwootherlocations
midwaybetweentherivets(AandC)as showninfigure2. Thisarrange-
mentpermittedstudyofthelocaleffectoftherivetandofuniformity
of contactalongtheextrusion. .
Theapparatususedinthisinvestigationwasthesameasthatused
inreference1. Itsmainfeatur’esarerepe%tedhere: 8“
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(1)Uniformlyspacedparallelgraphiterodswitha radiatingmea
. of1.2by 10 inchessuppliedheatto thespecimen.Themsximumpower
drawnfromthe3-phase,11.O-voltsupplywas125kilowatts.A reflector
madeof3/8-inch-thick6061-T4polishedaluminum-alloyplatehelpedto
.
minimizelosses.
(2)A mmableheat-insulatingcurtaininterceptedtheradiantheat
tothespecimenduringthewsrmup eriodandprovideda stepheatinput.
(3)me specimenwassimplysupportedatthefourcorners.
(4) Thetemperature-recordinginstrumentationc sistedofa Century,
Model408,multichannelrecordingoscillographworkingin con$mction
witha thermocouple-galvszmmetercalibrator.
(5)An electric timer to recordheating-elementlifeanda mi.cro-
switchto definethelimitsofthestepheatinputwithrespectothe
temperaturetracescompletedtheinstrumentation.
CONDUCTOFTESTS
Eachspecimenwasexposedto fourseparateheatingruns. Because
ofthelimitednumberofgal.vanon&erchannelsavailabletheheating
historyof onlytwocross-sectionalstationscouldbefollowedsimulta-
neously. Thesequenceoftestrunswasthefollowing:
(1)Firstrun: stationsB andC
(2)Secondrun: stationsA’andD
(3) Thirdrun: stationsB andC (retested)
(4) Fourthrun: stationsA andD (retested)
Thus,whiletheentirespecimenwasheatedfourtimesthetemperature
distributionat stationsB andC wasavailableinthefirstandthird
runsonly,andthatof stationsA andD, fromthesecondandfourthruns
only.
TherateofheatflowintothespecimensQ ringedfrcm10,CD3
to 75,000Btu/(sqft)(h). Foranytestrunthisheatingratewas
approximatelyconstant,althoughdifferencesbetweentestrunson a
givenspecimenofup toA30percentwerepossible,mainlybecauseof
thelossofmaterialfromthesurfaceofthegraphiteheatingelements.
6Thedurationof.thetests,
mumtemperatureiseof450°F,
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limitedby anarbitrarilyselectedmaxi. .
wasfrom17to ~ seconds.
Thespecimensweresupportedlooselyatthefourcornersothat .
theywerefreeto expandandbendasheatingprogressed.Bendingofthe
skintowardtheheatedfacewasvisuallyobservedIneachtestbutno
permanentdeformationrbucklingwasapparentaftercoolingto room
temperature.
EVALUATIONOFDATA
Sincethedurationoftheheatingperiodandthemaximumtempera-
turewerelimiteditcanbe assumedthattheheatlossesfromtheunheated
backsurfaceofthespecimenby convectiona dradiationarenegligible.
Thus,duringtheshorttransientheatingperiodalltheheatabsorbedby
thespecimenatthefrontfacecanbe consideredtobe storedenergy.
Thecorrectnessofthisassumptionwasconfirmedby calculatimandalso
by therecordedtemperaturehistoryofthefreeskin.Duringtheentire
heatingperiodthetemperatureiseinthefreeskinawayfromthestringer l
wasa nearlylinearfunctionoftime,withonlya slightendencyto
levelofftowardtheendoftheheatingperiod.
_&
Theheatinputwasfoundtovaryovertheexposedsurface.There
aretworeasonsforthenonuniformityofheating.Oneisthattheend
effectsattheouterboundsxiesoftheheatingbankresultina concen-
tricallydecreasingheatdeliveryto thespecimen.Theotheristhat
alongthecenterlineofthespecimen(i.e.,wherethestringeris
attached)thereisa largerSi-tieffect h& inthe
inthisregiontheheatflowisalwayshigher.
Theabovetypeofheatingdoesnotnecessarily
dymdc heatingwith respectto timeandspace,but
theevaluationofa practicalinterface-conductance
freeskin;therefore,
correspondto aero-
Ltisadeqpatefor
value.Allthat- .-
arenece6ssryforthedeterminationfthisvaluearetheinstantaneous
heatflowacrosstheinterfaceplaneandthetemperaturedropbetween
twopointsoneithersideoftheinterfacesomesmalldistanceawayfrom
it.
Themeasurementofthetemperaturedrppisa relativelysimple
matterunderanyheat-flowcondition.TherepresentativeM! value
wasarrivedatby takingtheaveragedifferenceofthereadingsof
thermocoupleslocatedat oppositesidesoftheinterface.Corrections
weremadeforthesmalltempe-raturedxopoverthedistancebetweenthe
thermocouplesandtheinterface.
.
s
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Heatflowwasdeterminedby takingan averagevalueof a7/aefor
.
thestructuralmass“downstream”fromtheinterface(i.e.,thestringer).
Thiswaspermissibleb causeintheshort-timeh atinglimitedto4~0 F
theheatlossesfromthisnmsswerenegligible.Duringthisperid tine
d heatflowacrosstheinterfaceisdirectlyproportionalto &T/ae.
The ~/be valuerepresentativeoftheheatflowacrosstheinter-
facewastheweightedaverageofthe ~fie valuesat allthermocouple
locationsdownstreamoftheinterface.
WiththetwobasicvariablesLW!and &!/&l determined,theinter-
faceconductancewasfoundfromtherelationship
where c
weightof
sectional
thecross
.
end w are,respectively,thespecificheatandspecific
thestructuredownstreamoftheinterface,A isthecross-
areaofthisstructure,and Zf Isthelengthof contactin
section.
Continuoustemperaturecordsweretakenineachtestduringthe
d entiretransientheatingperiod.Theinterfaceconductancewasevaluated
at a numberofequllyspacedtimeintervalsto detectanypossiblevari-
ationinitsvaluewithtime.
Itmustbe remarkedthattheinterfaceconductanceof Jointswith
a finitecontactareahasa somewhatarbitrsrydefinition.Forccmplete
temperature-andstress-distributioncalculationsthethermalconductance
ofeverypointintheinterfaceshouldbe known.Iftheconductance
throughouta practicaljointisuniformthenMttleproblemis involved
in itscomputationa dutilization.Inthiscase,andinthis’caseonly,
the~otntpossessesa true“overall”interface-conductancevalue,which
canbe determinedata singleinterfacepointandis independentoftem-
peraturedistributiona dcross-sectiongeometry.
Completelyuniformcontactconditions,however,aregener~ly
impossibleto attaininrivetedjoints.Itwillbe shownbelowthat
interfaceconductanceat differentstationsalongthestringervsried
withdistsncefromtherivets.Itis certainthatvariationofa simi-
larnatureoccursalongthelineof contactat anycrosssectionormal
to thestringerdirectim.Theexperimentaltechniqueadopted,however,
placesa limitonthedeterminationflocal.conductsncesalongtheMne
. of ccmtact.Of thetworequiredquantities,thelocaltemperaturedrop
canbe measuredwithoutdifficulty,butthevalueoftransientheatflow
overa sm.1.l.areacsnnotreadilybe determined.Becauseofthislimita-
& tionthetestswereconductedandthedataevaluatedin sucha wayas to
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yielda singleconductancevalueforeachstringerstation,Thetran-
sientheatflow q wasdeterminedfromthetotalheat-contentincrease
ofthedownstreammass.Theinterfacetemperaturedrop ~ wasfound
by averaginga numberofthermocoupler a~ngs(twoorthree)onboth
sidesoftheinterfaceandtakingthedifferenceofthesetwoaverages.
Theexperimentshusautomaticallygaveanarbitrarydefinitiontothe
jointinterfaceconductanceby overlookinglocalvariations.
Onedisadvantageoftheabovemethod5.sthattheaveragevalue
obtainedby itsapplicationisnotindependentoftaqperaturedistri-
butionandthusof ~ointcross-sectionalgeometry(aslocalconductance
areintheabsenceofwarping);thus,theexistinglocalconductance
overan interfaceareaarenotweightedina consistentmanner.For
instance,becauseofthisgeon@ricaleffect,insiivertentlyincludedin
theaveragingprocess,twojointsofdifferentconfigurationbutofthe
sameconductancedistribution(assumingthistobe possible)mayyield
slightlydifferentaverages.
InSpi&of difficultiesintheaboveinterpretationofan “average!!
interfaceconductanceandtheobvioushortcodngofanyotherarbitrary
definition,inpracticea singleoveralljointconductsmceatanygiven
stringercrosssectionisdesirable.F_ordesignpurposesitmaybe
——
worthwhileto goonestepfurtherand-consoli&te”he”v-~inginterface--.
conductancevaluesalongthestringerintoa singleaveragevalue.
PRECISIONOFDATA
Ingeneral,thesameconsiderationsasto
as inreference1.
precisionofdataapply
Severalcrom sectionswereunderstMy simultaneouslybecauseit
wasfoundthatas fewas eightthermocouplesateachcrosssection
yieldedsufficientinformationforthecomputationwork. Completetern.
peraturedistributionpatternswerenotsoughtinthepresentseriesof
tests.
Someexperimentalerroris involvedinthereportedvalues.Among
theseareerrorsinlocatingthethermocoupleelementsprecisely,time
lagoftemperaturepickup,heatingofthestringermassby radiation
fromtheadjacentinsideskinsurfaces,andsomelossofheatfromthe
stringer.
Inaddition,thereareprobablyerrorsindeterminingbotha repre-
sentativestringertemperatureandinterfacetemperaturedropaswellas
inthereadingofthe &C’/aevaluesfromtheoriginaldata.
l
.
b
—
.
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Becauseofthisl
estimateofprobable
9
varietyof sourcesi.tisdifficulto givea fixed
rrorsinthereportedvalues;however,it is
believedthattheseerrorsdonotexceed*1Operce&. -
.
Instrumentationerrorsweretoosmalltohavean appreciableinflu-
enceonthecomputedvalueof interfaceconductance.
RESULTS
Theexperimentallydeterminedinterface-conductancevaluesforthe
27 contactjointspecimensaregivenintable11. Conductancewasmeas-
uredatbothnear-rivetandmidway-between-rivet(1/2pitch)stations.
Theconductancevaluesmeasuredintheentireprogramrangedfrom
approximately100to 3,5(MBtu/(sqfat). Thetabulatedvalues
sreaveragesobtainedintwotestrunsat twocomparablelocations(that
is,twonear-rivetstationsortwomidwaystations)evaluatedatthree
orfourtimeintervalseach.
.
Figure3 showstheccmpleterelaticmshipof interfaceconductance
againstimein onetypicalspecimen.Thistime-dependentvariation4 wasnotedinalltestrunsbutno consistenttrendcouldbe detected.
Themagnitudeofthesevariationswasdifferentfromspeci~nto specimen
andina fewextremecasesitreached*O percent,althoughinmostspeci-
mensthefluctuationwasmuchlower.
bterfaceconductancewasfoundtobe higher,by an averageof
approximately30percent,nearrivetsthanmidwaybetweenrivetsinall
ofthespecimens-tested.Occasionallythedifferencebetweenvaluesat
thetwostationswasmuchlowerorhigherthantheaverageas seenin
tableII.
Ex.amination.oftheinterface-conductancedataindicatesthatthe
localcontactconditionswerelessuniforminthevicinityofa rivet
thanata pointsomedistancefromtherivet.Thoughcompletedataare
presentedforbothlocations,attentionis focusedonthemidpointsta-
tionsbecausethesepointsarerepresentativeoftherelativelylargest
pertofthecontactaxea. Thequantitativer sultsandthetrends
observedwerebasedonmidstationconductancevalues.Thedifference
betweenthevaluesat near-rivetandmidrivetstationswasinterpreted
asa measureofthelocaleffectofrivetclamping.
Theconfigurationf specimensin this pro~amwassuchthate~-
inationof selectedindividualvsriableswaspossible.Itwasfoundthat:
&
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(1)Conductanceincreasedgenerallywithrivetdiameterbetween
3/32~d 6/32inch,as showninfigure4.
(2)Conductanceatmidrivetstationsdecreasedwithincreasing
pitchdistance,as showninfigure>.
(3) Conductanced creasedwithincreasingskinthickness,as shown
infigure6.
,
An examinationfthedatarevealedno consistentrelationship
betweentheconductanceandthedimensionsoftheT-section,suchasthe
thicknessandthelengthoftheflanges.
No significanteffectofthedifferenceinthetworivetmaterials
used(2024-T4and2117-T4)couldbe found.
Itappe=sfromfigures4, 5, and6 thattheauountof scatteris
usuallylargestinthin-skinspecimens(1/16inchthick)andgradudly
diminishesforhighervaluesof skinthiclmess.
Scatterwasalsoobservedwhencomparingconductancevaluesat
differentstationsonthesamespecimn(i.e.,at geometricallyidenti.
Calpositions).ThisisapparentfromthevaluesoftableII. Inthis
respectitwasalsofoundthatinthin-skinspecimensthescatterwas
greaterthaninthethick-skinspecimens.
.
—
* .–
DISCUSSION
Uponasseniblyofa contactjoint,interfaceconductanceanbe con-
sidereda tangiblephysicalqmtity dependentmainlyonthesurfacecon.
ditionsoftheassembledpartsandonthecontactpressurexisting
betweenthem(seerefs.2 and3). Themeasurementofthequszrti~ina
particularjointispossible,however,onlywhenheatisflowing.But
as soonastemperaturedifferencesarise,warpingofthecomponents
occurs,whichaffectsthethe~l conductanceofcompositejointsby
alteringtheintimacyof contactona largescale,asdiscussedin
reference3. .
Thetimevariationof conductancefoundinalltests(fig.3) can
be tracedbacktotheabovecause.Fromthemcmenttheheatbeginsto
flowa time-dependenttemperaturedistributionis createdwhichsetsup
thermalstressesinthestructure.Theresultingtime-dependentdeforma-
tionsintheJoinedpintsandrivetscausecorrespondingchangesin
interfacecontactwhichinturnmodifythetemperaturedistribution, .
resultingin furtherdeformation.Ineddition,thetemperature-dependent
modulusofelasticityandcoefficientofexpansionofthematerialhave
a minoreffect. &
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. Accordingto theabovediscussiontherateofheatflowshouldalso
influencetheconductance.Eachspecimeninthisprogramwasexposed
to a rsageofheatingratesin successivetestsandsuchconductance
. variationwasobserved.However,no consistentrelationshipbetweenthe
rateofheatflowsndinterfaceccmductancewasapparent.
Theeffectofextremelyhigh’heatflowson interfaceconductance
wasnotinvestigatedbecauseofthelimitationsofthetestappsratus.
Themaxinnunvalueattainedwas75,000Btu/(sqf%)(hr). Furthermore,no
destructivet stingwascarriedoutbecausecontactconductancedoesnot
havea meaningintheusualsenseafterbucklingor failureofthe~ting
partsorafterpermmentyieldingoftheconnectingrivets.
Itistobe notedin figure3 thattheinterfaceconductanceisnot
presentedfrcxuzerotimelevel.Inthefirstfewseconds-ofheating
boththeheatflowacrosstheinterfacesmdthetemperaturegradients
wereso sm.11thatthecomputationf conductancegaveunreliableresults.
However,sinceinthesameperiodtheheatflowacrosstheinterface
planeisnegligiblysmall,theiderfaceconductanceanhaveonlyan
insignificszrteffectonthetemperaturedistribution.It istherefore
.
concludedthatevenifa jointpossesses,priorto andinthefirstfew
secondsofheating,a substantiallydifferentinterfaceconductancefrom
d thatobservedinthelatterpartofheating,theknowledgeoftheinitial
valueisrelativelyunimportant.
Riveting
Theincreaseofthermalconductancewithincreasingrivetdiameter
(fig.4) couldbeexpectedhecauselargerrivetsassurehigherpressure
andthusbettercontactbetweentheassenibledpsxts.Therivetitself
servesas a goodconductionpathbetweenthepartsparalleltothecon-
tactconductanceandtendsto increasetheexperimentallymeasuredther-
nmlconductanceoftheJoint.
Thedecreaseof conductancewithincreasingrivetpitch(fig.5) “
isalsointuitivelyogicalforanypointintheplaneof contact(except
verycloseto therivetwherelocaleffectspredominate)sincelarger
rivetspacingisassociatedwithlowercontactpressureandconsequent
loweraverageconductance.
Theexperimentsyieldedsufficientevidenceto concludethatinter-
faceconductancealongthestringervariedfrmna maximumvaluenearthe
. rivetto a mininnunvaluemidwaybetweenrivets.Thenear-rivetstations
showeda 30percenthigherconductancevalue,ontheaver%e,thanmid-
rivetstations.Thiscanalsobe attributedto variationoflocalcon-
& tactpressureinherentintherivetingprocess.
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Thestructuralbehavioroftherivetsunderthermal-loadconditi.ms
wasnotspecificallyinvestigated.Thestressesintherivets,the <
amountofelastic-deformations,slippage,lossof strength,andplastic
yieldingat elevatedtemperatureswereoutsidetherangeofthepresent
experimentalprogrsm. u
SkinThickness
Theexperimentaldatagaveevidencethatinterfaceconductance
dependsontheskinthiclmesstotheextentindicatedinfigure6. It
isknownthatthe,relativeflatnessoftwomatingsurfacesinfluences
theaverageconductanceofthecontactjointformedbetweenthem(ref.3).
Thisrelativeflatnessbetweenmhing surfacesis obviouslyinflu-
encedinthecourseofrivetingskinandstringerassenibliesby the
geometry,ormorespecificallytherelativestiffness,oftheassenibled
psxts. Fora givenrivetpatternmoreint@atecontact(inthesenseof
closenessofsurfacesto eachotheraswellas actualmetal-to-metal
contact)maybe achievedonassemblywhentheskinisrelativelyflex-
iblecomparedwiththestringer.Intheccnibinationste tedtheratio
ofmomentof inertiaofthelargeststringerto thatofthethinnest .
skinwasapproximately1,600to 1. As theotherextreme,theratioof
momentof inertiaofthesmalleststringerto thatofthethickestskin
wasapproximatdy1.6 to I. Exactvaluesofthisratiodependonthe *
assumptionmaderegardingeffectiveskinwidth. r
Thegeometryofthesystemnotonlyinfluencestheinterfacecon-
ductanceintheabovesensebutalsoplaysa partduringheatingsince
thetemperatureandstressdistributiondependontheconfiguration.
However,itappearsfroman examinationftheexperimentaldatathat
onlytheskinthicknesshasa consistentinfluenceontheinterfacecon-
—
ductance;thestringerdimensionsappesrtobe relativelyunimportant.
Althoughtheeffectsofrivetingandskinthicknessonjointcon-
ductancehaveapparentlybeenwellestablished,attentionmustbe
“directedto theexperimentalscatterwhichtendsto obscurethesi@.f-
icanceoftheabove-mentionedtrends.Thenatureofthescattermay
be soughtintherandomnessoftheprocess~ whichordinaryjointsare
madeinan aircraftshop.Manufacturingvariabilitymayenterthrough
a nuder offactorswhichme notfeasibleto controlcloselyinpro-
duction.Surfaceroughness,flatness,cleanness,rivet-holetolerance,
anddrivingoftheindividualrivetsareboundtovsryin& moreorless
randomfashionandtheresultingcontactis sensitiveto anyorallof
thesevariations.ThePresenceofmanufacturingvariabilityasa factor .
inmaskingandobscurti
variationof conductance
trendscanbe demonstratedby obse~ingthe
b tweencomparablestationsinthesamespecimen.
4
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Itisnotedthatalltypesof scatteraremoreappsrenton specimens
. withthinskin.As notedabovethehighestconductancevalueswerealso
foundin suchspecimens.ItisbeMevedthatthetwotendenciesare
interrelated.Fora relativelythick-skinconibinationtheinfluenceof
rivetingvariabilitycamhavelittleeffecton scattersinceordinary
rivetingdoesnotcreatesufficientJointpressureuponoriginalassem-
blyto deformthethicksldn.A thinskin,ontheotherhand,maybe
pulledintogoodcontactwitha stringerandthusgivehighconductance
values,butanyvariabilityintheriveting,saya looserivetinthe
extremecase,willobviouslyhavea muchlargereffectonthecloseness
of contacthaninthethick-skin~oints.
Infigure6 variationof conductanceduetorivetdiameterisnot
indicatedsinceitspresencedot?snotalterthemaintrendattributed
to skinthicknessalone.Withtheexceptionof speci=n34allspeci-
menswithl-inchpitcharelocatedwithinthescatterband. Specimen*
hadan exceptionallypoorjointcontact(visibleairgap)whilein speci-
mens24and29 anunusuallygoodcontactwasapparent.Asitwaspointed
outbefore,suchlargefluctuationscanbe expectedonlyin jointstith
thinSkiR.
l Theconductancevaluesofthe21 specimensoffigure6 arereplotted
in figurek withrivetdiameterasabscissa.h thisfi&e theinflu-
* enceofrivetdiameteris obvious,butit shouldbe note”dthatthewidth
ofthebandisdueto sldn-thiclmessvariation(whichisnotshownby
separatecurves)aswellas to scatter.Onthebasisoffigure6 itmay
seemthattheupperregion,ofthebandinfigure4 isassociatedtit.h
thin-skinandthelowerregion,withthick-skinconfigurations.
Inthesectionentitled“Results”itwasindicatedthattheeffect
ofpitchvariationwasalsoascertained.Thereweresixspecimens
(specimens37to42)witha pitchdistancedifferentfrom1 inch.The
resultingthreegroupsof specimenswhereonlythepitchvariedwere.
specimens41,29,and42,specimens39,I-2,and40,andspecimens37,20,
and38.Thecorrespondingconductance.valuesareplottedin figure5
andagain,insteadofindividualcurves,a scatterbandis shown.Since
, inthisplotskinthiclmessisan includedvariable,thetopregionof
thescatterbandcanagainbe consideredto correspondtothinskinand
thebottomregion,to thicksW.
CONCLUDINGREMARKS
. Theexperimentaldataforinterfaceconductancew reobtainedfrom
jointconfigurationsandconditionswhichwerethoughtobe fairlytypi-
cal.of currentproblems.Itistobe realized,however,thatactual
b aerodynamicddyheatedaircraftJointsdifferin severalrespects”frcm
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thosetestedunderlaboratoryconditions:mainly,in size,mannerof
restraint,andloading.Nevertheless,theuseoftheexperimentally
determinedinterface-conductancevaluesfordesignpurposesmaybe rec-
ommendedwhenthematerialandconfigurationofa propos~jointasweK1.
astheexpectedrateofheatflowaresimilartothosetestedinthis
program.
SyracuseUniversity,
Syracuse,N.Y.,December15,1955.
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Specimen
16
17
18
19
m
21
22
23
24
25
26
27
28
29
30
;;
33
34
35
36
37
38
22
41
42
TABLEI
SPECIMEND-IONS ANDRIVETINGVARIABLES
t ~, in.
0.063
.250
.5(X
.063
.250
lm
.250
.250
.063
.063
.063
.125.
.250
.063
,~o
.375
.5Ca
.063
.250
.250
.250
.2X
.250
.063
.063
.063
.063
lf, in.
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
tf, in.
0.064
.064
.064
.064
.064
.064
.125
.250
.125
.325
.125
.125
.125
.250
.250
.125
.125
.064
.250
.250
.064
.064
.064
.064
.064
.250
.250
1~, in.
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
l5O
1.25
2.00
I..25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
0.064
.064
.064
.064
.064
.064
.125
.250
.125
.125
.25
.125
.125
.250
.250
.125
.125
.064
.250
.250
.064
.064
.064
.064
.064
.250
.250
s, in.
3l375
l375
l375
l375
.375
.375
.375
.375
.375
.375
.375
l375
.375
.375
l375
.375
.375
.375
.375
.375
.375
l375
.375
l375
.375
.375
*375
?, in.
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.(2Q
1.00
1.00
.75
1.X
l75
l.y
l75
l.yl
Rivet
t~e
AD-5
AD-5
AD-5
DD-6
DD-6
DD-6
AD+
AD-5
DD-6
DD-6
DD-6
DD-6
DD-6
DD-6
DD-6
DD-6
DD-6
AD-3
AD-3
DD-6
AD-3
DD-6
DD-6
DD-6
DD-6
DD-6
DD-6
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TABLEIr.
EXPERIMENTALINTERFACE-CONDUCTANCEDATA
[Stationlocationshowninfigure2]
hterfaceconductance,,h, ~U/(S~ ft)(hr)(%’),
~pecimenStationStationStationStationAverageof Averageof
A B c D stations stationsAand C Band D
16 620 570 870 710 720
17 410 470 ?2 620 410 540
18 320 2% 3g 370 310 330
19 580 1,130 1,220 1,170
20 720 690 490 ~70 1% 630
21 290 470 320 300
22 330 480 440 E 390 it
23 24o 290 330 24o 290
24 I, 890 2,710 I, 670 1,710 1,780 2,210
25 1,250 1,200 q Ooo 1,020 1,100
26 1,180 1,120 R 1,550 1,330
27 310 710 610 560 i%
28 360 530 410 420 390 ?2
29 1,goo 4,840 2,040 2,290 1,970 3,5$
320 ~ 430 300
z 450 770 530
300 % 590 7&l 4P !%
;; 580 520 1,580 540 1,050
34 110 110
35 350 z ;; ?4 ?$ 370
36 X& 380 230 250 310 310
37 m 670 810 @o
38 370 540 450 940 E 740
I,630 1,460 1,160 2,640 1,390 2,05a
:: 540 630 460 760 69
41 3,310 3,050 2,820 2,970 3,: ;,~1
42 I,230 2,370 730” 860 ;
I(b--b--
+-–-A“-
a-- -4)--
+-–-+-–
f)- - -? A
P
0 ‘- -y
A ‘- -o- -t +
$ -– J)- –
? ‘- -+- –
“cl ‘- -@ ‘-
m 10 in. 4
-rl-==f
Figure l.-
.
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are givenintable 1.)
I
19
.
.
o
0
0
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0
0
0
0
l
l
0
0
0
0
0 Station
----.———-—— --A
-- ----————-—0 B
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0
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1
i
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Figure2.-Thermocoupleocationsin specimens.
z
Axis
notation
x
Y
300
200I ,o. __*.- /0//o/ Station A
I 00 I SecondHeatingQ=22,900Btu/(Ft2~(Hr]
Time, 0, sec
1I /0—--o.300 0 + .0oO
200 - Station B
First Heating
I00 - Q=27,900Bfu/(F#)(Hr)
o 10 20 30 40
Time, 8, sec
300 - // o--%. - 0<
200 - SfotionG
Firsf Heating
100 -
~
o 20 30 40
Time, 8,sec
300Y
200
t
Station D
SecondHeofing
100
I , ,
0 10 20 30 40
Time, e, sec
NACATN3991
#-~--— 0
300 - 0----0
200 - SfafionA
Fourfh HeatingI00 - Q = 2~400 Bfu/(Ff2)(Hr)
o 10 20 30 40
Time, 8, sec
o--- O--- Q-.-O
300 -
200 - Sfafion ‘B
Third Heating
100 - Q=25,200 Btu/(Ft2)(Hr)
.
~
o 40
Time, 8,sec
1 0-— —o--- 00---300
200
t
Sh3fionC
Third Heofing
I00
0 10 20 30 40
Time, 8,sec
.C—--o —--o
300- 0-
200
1
Station D
Fourfh Heafing
100
~
o 20 30 40
Time, 0, sec
Figure3.- Typicalexperimentalvaluesof interfaceconductance.
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Figure 4.. Variation of interfaceconductanceat tid.rivetstationswith rivet
diameter. Rivet pitch, 1 inch; AD and DD rivets.
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F@ure ~.- Variation of interface conductanceat mldrivet stationswith rivet pitch. DD-6 rivets.
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Figure 6.- Variati.onof
thickness.
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